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low. When ozone is not contained in oxygen gas, no film was 
obtained under the experimental condition of this study (at 
substrate temperatures below 400 “C). 
Figure 2 shows the Arrhenius plots of deposition rates. 
Also shown in this figure are the deposition rates of SiO, 
films prepared from Si[N(CH,).&ozone and TEOS-ozone 
system.’ The deposition rate for Si[N(&H&j4-ozone system 
is lower than the latters. 
Figures 3(a)-3(c) show infrared absorption spectra of 
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FIG. 3. IR transmission spectra of SiO, films prepared from (a) 
Si[N(C$Hs)&ozone, (b) Si[N(CH,)& ozone, and (c) TEOS-ozone system. 
films deposited at some different substrate temperatures. The 
spectra are similar to each other; i.e., absorption peaks at 
about 1080, 800, and 460 cm-’ represent Si-0-Si 
asymmetric-bond-stretching vibration, network Si-0-Si 
symmetric-bond-stretching vibration and network Si-0-Si 
bond-bending vibration. A trace of the Si-GH bond (ab- 
sorption peak 3300 cm-l) can be identified. The peak around 
950 cm-l is due to Si-GH bonds containing nonbridging 
oxygen atoms. Generally nonbridging oxygen gives rise to a 
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FIG. 4. Full width at half-maximum of the 1080 cm-’ absorption peaks of 
IR transmission spectra as a function of substrate temperature. 
FIG. 6. Dynamic hardness of SiO, film as a function of substrate tempera- 
ture. 
polarized state in the SiO, film which leads to chemical 
instability.” 
Figure 4 shows the full width at half-maximum 
(FWHM) of the 1080 cm-r absorption peaks of infrared 
transmission spectra as a function of substrate 
temperature. The value of FWHM is nearly equal to that for 
‘PROS-ozone system, and is much smaher than that 
for Si[N(CH3).J4-ozone system. Thus, the development of 
the Si-0-Si skeIeton in the film prepared from 
Si[N(qH&j4-ozone system is similar to that prepared from 
TEOS-ozone system. 
Figure 5 shows the etch rate of the film dipped into the 
P-etching solution. With increasing substrate temperature, 
the etch rate decreases exponentially. It is nearly equal to the 
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FIG. 5. Etch rate of SiO, film as a function of substrate temperature. 
corresponding value for Si[N(CH3).J4-ozone system and 
smaller than that for TEOS-ozone system. The difference in 
etch rate is attributable to the difference in content of non- 
bridging oxygen in the film. As can be seen in FTIR spectra, 
the peaks around 950 cm-t for both Si[N(C&Hs)J4-ozone 
and Si[N(CH&j4-ozone systems3 are smaller than that for 
TEOS-ozone system. 
Figure 6 shows the dynamic hardness of the film as a 
function of substrate temperature. It is nearly independent of 
the substrate temperature, being consistent with the results 
for Si[N(CH3).J4-ozone system. The film is harder than those 
for Si[N(CH3)J4-ozone and TEOS-ozone systems. 
In conclusion, silicon dioxide thin films were prepared 
by a low-temperature atmospheric-pressure chemical vapor 
deposition method. The raw materials were tetrakis(diethy- 
1amino)silane and ozone in oxygen gas. The amorphous films 
were obtained at a substrate temperature above 200 “C. The 
films were superior in chemical stability and hardness to the. 
films which were prepared from tetraethoxysilane and ozone. 
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